Background: Improving maternal and reproductive health still remains a major challenge in most low-income countries especially in sub-Saharan Africa. The growing inequality in access to maternal health interventions is an issue of great concern. In Ghana, inadequate attention has been given to the inequality gap that exists amongst women when accessing antenatal care during pregnancy and skilled attendance at birth. This study therefore aimed at investigating the magnitude and trends in income-, education-, residence-, and parity-related inequalities in access to antenatal care and skilled attendance at birth.
Background
Improving maternal and reproductive health still remains a major challenge in most low-income countries, especially in sub-Saharan Africa [1] [2] [3] . More than a decade ago the global community committed itself to 8 Millennium Development Goals (MDGs). MDG 5 focuses on improving maternal health and has two targets: 5a, to reduce maternal mortality ratio by 75% between 1990 and 2015, and 5b, to achieve universal access to reproductive health. Following the millennium declaration, there have been some improvements in the uptake of maternal health interventions such as antenatal care (ANC), skilled birth attendance (SBA), and facility-based delivery [4, 5] but hardly any in resource poor countries that bear the highest burden of maternal mortality [3] . Moreover, within these countries, the most vulnerable women have the worst maternal health outcomes [6, 7] .
SBA is one of the main proxy indicators globally adopted to monitor progress in MDG 5. Several studies have presented evidence of an association between SBA utilization during childbirth and reduction in maternal mortality [8] [9] [10] [11] . The definition of a SBA has evolved over the years. In 2004, the WHO, International Confederation of Midwives (ICM) and the International Federation of Gynecology and Obstetrics (FIGO) refined the definition of a SBA as "an accredited health professionalsuch as a midwife, doctor or nursewho has been trained to proficiency in the skills needed to manage normal (uncomplicated) pregnancies, childbirth and the immediate postnatal period, and in the identification, management and referral of complications in women and newborns" [12] . The above definition developed due to the realisation that diverse groups of health care professionals with country-specific titles could provide the skills and competencies expected of a SBA [13] [14] [15] .
The use of SBA during childbirth is almost universal in high income countries, but lags behind in most lowincome settings in sub-Saharan Africa [16] , despite it being an indisputable benefit [17, 18] . The unavailability of maternal health care services generally accounts for the low use of skilled care during childbirth [19] . However, even in settings where these services are available, women with low socio-economic status, minimal education, and with residence in rural areas fail to access them. Reasons for this include high direct and indirect costs of healthcare, lack of transportation, long distances to health facilities, inadequate information about services provided, and negative past experiences with health care providers [19] [20] [21] . Socio-cultural vulnerabilities also play a role in inhibiting women's use of skilled care at birth. For example, some women place a high value on home birth and fear they will lose social status, confidentiality, and control over the birth process with assisted delivery [21] . In some instances, the decision to deliver at a facility is not up to the woman but is made by husbands, mother-inlaws, community heads, soothsayers or traditional healers [22, 23] . Many women prefer and seek to give birth under conditions where they feel safe, protected and secure [24] [25] [26] .
ANC is one of the factors that tend to promote delivery with a skilled health professional [27, 28] . In most low-income countries, women may attend at least one ANC visit during pregnancy [29] , but fail to adhere [30] to the WHO recommendation of at least four ANC visits for a given pregnancy [31, 32] .
The growing inequality in access to health care and in health outcomes is an issue of concern as countries strive to improve maternal health. SBA utilization is one of the indicators that have been selected by the WHO Equity Analysis Group because of its relevance to health services and health system strength [33] . A recent study conducted in 54 low-income countries in which 12 maternal, newborn, and child health interventions were analyzed, found SBA coverage to be the least equitable one, followed by completing four or more ANC visits [30] . The same study found that countries with similar levels of overall SBA coverage often had very different results in regard to the distribution of these interventions by wealth quintiles [30] .
Utilization of ANC and SBA is very low in Ghana. The proportion of births attended by SBAs was 57% in 2008 [34] , far below the UN minimum target of 80% in 2005, 85% in 2010, and 90% in 2015. Moreover, differences exist in uptake and quality of these services within the country [35, 36] . Also, more attention has been focused on attaining set international targets in ANC and SBA coverage, but inadequate attention has been given to the inequality gap that exists in women who access the services.
Inequalities in health vary with time, place and by specific health indicators [30] . Whereas aggregate measures of health inequality could be used in certain instances, such as for global monitoring, they are less useful at the country level in guiding decisions on policy and interventions than are single indicators [30] . The magnitude of and trends in inequality regarding SBA coverage and adequate ANC utilization in Ghana has not yet been studied. With the socio-demographic disparities that exist in Ghana, especially in education, income, and rural/urban residence status, it is essential to investigate the trend in social disparities and how these have translated into inequalities in accessing adequate ANC and SBA. This study therefore aimed at investigating the magnitude of and trends in income-, education-, residence-, and parity-related inequalities in accessing adequate ANC and skilled care at birth.
Methods

Data collection
A database was constructed using data from the Ghana Demographic and Health Survey of 1988 [37] , 1993 [38] , 1998 [39] , 2003 [40] , and 2008 [34] , which employed standard DHS questionnaires and techniques for data collection [34, [37] [38] [39] [40] . All participants were interviewed using the Women's Questionnaire. Eligible women were defined as women aged 15 to 49 who stayed in a selected household the night before the interview, whether or not they were usual residents in the household. The Women's Questionnaire was used to collect information on the following topics: respondent's background characteristics; reproductive history; contraceptive knowledge and use; antenatal, delivery and postnatal care; infant feeding practices; child immunization and health; marriage; fertility preferences and attitudes about family planning; husband's background characteristics; women's work; knowledge of STDs including HIV/AIDS; and anthropometric measurements of children and mothers. The actual study analysed antenatal and delivery experiences of women with at least one previous birth experience in the last 3 to 5 years prior to the surveys. Response rates for the Women's Questionnaire were between 96% and 99% over the study years. Response rates on questions related to the use of ANC varied from 95.6 to 98.7% and that of SBA from 99.6 to 99.8%.
Definition of variables Dependent variables
Two outcome variables were used to assess trends in pregnancy or birth experiences, namely, number of antenatal care visits and skilled attendance at birth. The maternity history contained up to six entries relating to births in the last three to five years, depending on the year of survey. For women with multiple birth experiences, the last birth experience was analysed in this study.
1. Antenatal care visits. ANC visits were accessed using two variables: a) no ANC visit or at least one visit, and b) less than four ANC visits or at least four visits. 2. Skilled attendance at birth. This variable was generated from response to the question that assessed "the type of person that assisted in the delivery of the child". Responses were dichotomized as a) women who had skilled attendance at birth from a doctor, nurse, or midwife), and b) those who had no skilled attendance at birth. Auxiliary health staff and health assistants included in the 2008 survey were not considered as SBAs.
Independent variables
The independent variables used in this study were as follows:
1. Maternal age. This variable was categorized into three age groups (below 25, 25-34 and 35 or above) 2. Educational level. This was classified into four categories: a. Never attended school (women who confirmed having no formal education) b. Basic education (women with some level of formal education not exceeding 9 years, including those with primary, middle school, or lower secondary school education) c. Senior high school (women with 12 years of formal education or whose education ended at the upper secondary school level). Those who completed 12 years of basic and secondary education and had some extra years of education, but did not complete tertiary level education, were also included in this category. d. Tertiary or higher education (women who completed at least 15 years of formal education, including those with college, polytechnic, or university level studies).
Educational level was re-categorized into three categories: no education, basic education, and senior high school or higher (secondary +)
3.
Residence. Residence was coded as either urban or rural 4. Current marital status. Current marital status was classified in two categories: a. Single (women who had never married, were separated, divorced, or widowed at the time of the interview) b. Married (women who were married or living with a partner at the time of the interview) 5. Income level. Income level was calculated based on the yearly earnings of the respondents. This variable was originally categorized into five quintiles (poorest, poorer, middle, richer, richest) according to the Ghana Demographic and Health Survey. Income quintiles were later ranked into three groups: low income (poorest and poorer), average income (middle) and high income (richer and richest) using the fractional rank function in SPSS. 6. Parity. This variable was coded from a question that assessed the number of children a woman had ever given birth to. Responses were grouped as nulliparous (zero births prior to the current pregnancy), para 1 to 3 (1 to 3 births) and para 4 + (4 or more births).
Statistical methods and analysis
Measures of inequality
In this study, we applied regression-based Total Attributable Fraction (TAF) [41] , which we consider a robust index for measuring inequalities in health. The IBM software SPSS Statistics 20 and Microsoft Excel were used for analysis. The independent variables included in the logistic regression model were selected based on the aim of our study, and the importance of the covariates to our chosen outcomes based on a review of previous literature. Our main exposure variables (education, residence, income, and parity) were chosen so as to produce a model that is stable enough and has relevant policy implications. Therefore, variables with unstable characteristics in the Ghanaian context such as religion and ethnicity were not included. Also, other covariates with the mentioned characteristics were tested in a univariate analysis to see if they were at least moderately associated with the outcome.
Total Attributable Fraction (TAF) TAF represents the proportion of the outcome that would not exist if all women had had the same prevalence as those with the highest socioeconomic status, the assumption being that there is a causal pathway between socioeconomic status and the outcome variable. The attributable fraction was calculated using the formula AF = (OR -1)/OR, where OR is the adjusted odds ratio by logistic regression analysis. TAF was calculated as follows: TAF = ∑ (sTAF) = ∑AF i *P i, where AF i is the attributable fraction for the outcome variable for a specific stratum, and P i represents the proportion of all cases that fall within this stratum. The Product of AF i and P i represents the stratum-specific Total Attributable Fraction (sTAF), and ∑ (sTAF) indicates the summation of all the strata-specific calculations, referred to as the overall TAF. For those with the highest level of education, the AF and sTAF are by definition zero. DHS sampling design uses clustered sampling, which includes both over-sampling and under-sampling. In regions with small populations, over-sampling is done to ensure that there is a large enough sample to be representative, while undersampling is done in regions with large populations as a means of saving cost. Initial sample weights are produced using the sample selection probabilities of each household, and response rates for the households and the individuals. The initial weights are then standardized by dividing each weight by the average of the initial weights (equal to the sum of the initial weight divided by the sum of the number of cases). This ensures that the sum of the standardized weights equals the sum of the cases over the entire sample. Therefore, all analysis were conducted with sample-weighted data to correct for the over-sampling, the under-sampling, and the different response rates to the survey in different regions. Further adjustments were made for the clustering at the individual and household levels.
Results Table 1 shows the characteristics of the study sample. The number of respondents totaled 2716 in 1988, 1980 in 1993, 2376 in 1998, 2777 in 2003, and 2147 in 2008. The majority of participants were within 25-34 years, had basic education, resided in rural areas and were married. For one fifth of the respondents, it was their first birth experience while the majority had more than one birth experience (para 1 to 3: 44-50% and para 4 +: 28-36% between 1988 and 2008). From 1993 to 2008, the proportion of women with at least one ANC visit increased from 87.1% to 96.1%, those with at least four visits increased from 60.1% to 78.7%, while the proportion of births attended by skilled health professionals increased from 43.8% to 54.0% within the same period. Table 2 presents the prevalence of women with less than four ANC visits and those who had no skilled care at birth according to their socioeconomic characteristics, from 1988 to 2008. There was a general reduction in the prevalence of women who had less than four ANC visits during their last pregnancy, and those who had no skilled attendance at birth within the different socioeconomic groups. From 1993 to 2008, the utilization of ANC increased dramatically among women residing in rural areas (prevalence difference, 21.5%), those with no education (prevalence difference, 25.7%), and those who had only basic level education (prevalence difference, 13.9%), compared to those with urban residency and secondary or higher education. Within the income levels, increased utilization of ANC was mostly attributed to high-income women. The prevalence of four or more antenatal care visits increased comparably across all parity groups (prevalence differences between 1993 and 2008: nulliparous 17.6%, para 1 to 3 19.7%, para 4 + 17.2%). The increased utilization of ANC seen in the socioeconomic groups did not reflect in the use of SBA within those groups. The utilization of SBA increased mainly in women with urban residence, high education, high income, and low parity. Table 3 gives the adjusted odds ratios and 95% confidence intervals for having less than four antenatal visits and lack of skilled attendant at birth, from 1988 to 2008. A significant positive association was seen between women who attended less than four antenatal care visits and those who had rural residence, low education, low income, and high parity through out the study period. There was a declining trend in the odds of having less than four antenatal visits for women of rural background (OR adjusted 
Discussion
The key and most salient finding of this study is that the rural/urban gap, as well as educational inequalities in the utilization of ANC and SBA seem to be closing over notwithstanding attempts by the government of Ghana to eliminate financial barriers to maternal health services utilization by vulnerable women, income inequalities in maternal health services utilization remain high. The results (Figures 1, 2 and 3) showed that, two decades ago, income-related inequalities in ANC and SBA utilization in Ghana were minimal, unlike in Kenya where income-related inequality in the use of SBA has always been high and persistent over the past two decades [42] . In Ghana, before 1998, low education and rural residence status almost solely contributed to non-use of ANC and SBA. From 1998 to 2003, the sharp increase in income-based inequality in the use of SBAs could be a reflection of the poor outcome of previous health care financing policies implemented in Ghana [43, 44] . In the early 1980s, Ghana implemented the cost recovery (popularly known as "cash and carry") health care financing policy in all government facilities that required users to pay upfront before receiving care. This was meant to generate revenue and discourage 'overuse' of health services [43] , but rather led to poor use of health services across the country. Moreover, income inequality has grown in Ghana since the late 1980s [45] . In 1987, income inequality, as measured by the Gini coefficient was 0.38, but it increased to 0.42 by 1998 and to 0.55 in 2007. Between 1992 and 1999, the mean income of the richest 10 percent of workers increased by 600 percent, while that of the poorest 10 percent increased by only 38 percent [45] . The high cost of health services coupled with the widening income inequalities in Ghana in the 1990s and early 2000 [45] is a plausible explanation for the sharp increase in incomerelated inequality in the utilization of maternal health services before year 2003, as seen in Figures 1, 2 and 3 . In 2005, exemptions for delivery care were introduced nationwide as an extension of the 2003 policy that was tested in four regions in Ghana. Later in 2008, free coverage was given to all pregnant women under the National Health Insurance Scheme, which begun in 2005 and overruled the previous exemption policy. Implementation of the exemptions policy could possibly be a factor for the stabilized income-related inequality seen in use of SBAs between 2003 and 2008. However, as shown in Table 4 , within the same period, the situation for the average income women improved, whereas that of the very poor women worsened, though slightly. Also, income-related inequalities in the use of ANC continued to increase between 2003 and 2008. This implies that despite the potential of the delivery exemption policy to be pro-poor, they are in fact not reaching the poorest women [46] , but paving the way for the average and high income women to increase their utilization of the services to the disadvantage of the poor women [47] . The exemption policy had aimed to remove financial barriers for accessing maternal health services and hence reduce maternal mortality [48] ; however, implementation challenges have hindered the realization of this goal [47, 49, 50] .
The free maternal health care policy lacks a clear source of funding [50, 51] , relying on health care institutions to adjust for income inequalities in the use of maternal health services. The lack of funds means that pregnant women who access free maternal care put pressure on existing resources within health care institutions, forcing them to improvise other means of financing [52] by charging fees to women. This is done by charging for medications that are not on the National Health Insurance Scheme approved drug list, collecting ward fees and fees for toiletries. In some instances, women who seek care under the "free" maternal health care policy are discriminated against because they do not bring direct payments [44] . Although the plan is supposed to include all maternal and incidental causes, the package of care is interpreted differently by local health care institutions, resulting in pregnant women paying for services they ought to have received for free [47] .
There are other factors on the provider side that tend to escalate the cost of maternal health services utilization for poor women, such as unavailability of critical equipment and drugs at the point of need, unavailability of skilled staff, and the poor attitude of providers [23, 47, 53] , especially towards women who cannot afford the informal charges [21, 54] . Societal factors also drive informal payments and exacerbate the widening income-based inequalities in accessing maternal health care. One such factor is the culture of giving gifts to midwives, which come at a substantial cost to poor women [47] . Other indirect financial barriers include transport cost to and from the health facility [55] , and minor personal items required for delivery [23, 47] . Some expectant mothers tend to be excessively delayed during antenatal visits, trading-off economic gains from the informal sector such as farming or petty trading [21, 53] . These factors have the potential to adversely affect poor women's utilization of ANC and SBA, and also make it possible for high-income women to pay their way through the system, contributing to further widening the income inequality gap in the use of maternal health services in Ghana.
Most of the demands made upon women come at a time when they are about to give birth [21] . This is one of the reasons why the increased ANC uptake among low socioeconomic status women did not translate into utilization of skilled care during delivery [47] . Education-related disparities in ANC utilization are decreasing and in SBA use remain large (Figures 2 and 3) . Policy makers and program administrators need to review possible mechanisms, for example finding ways to improve timely transportation, removing any remaining financial bottlenecks, and providing education and/or additional incentives.
Thus, despite the huge potential for education to improve women's utilization of maternal health services [56] , too much direct and indirect cost excludes uptake of these services by some women who, although educated, lack financial resources [53] . Education improves a woman's ability to evaluate where and when to seek care [57] and makes her aware of health services [58] . Higher education beyond the basic level empowers women to broaden their social network within the health care system, positions them to approach health care staff on more equal terms (making them less likely to fear possible reprimands), and makes them cognizant of private health facilities [59] . This may explain the educational gradient seen in Table 3 .
Parity-related inequality in ANC utilization appears to be increasing over time, whereas that of SBA rose to a peak in 1998 and began to decline. This is due to reduced utilization of these services by multiparous women and increased uptake by nulliparous women. The use of ANC and SBA by expectant mothers may be influenced by their previous experience, either positively enhancing uptake, or negatively, discouraging use of services [53] . While multiparous women rely on their previous experiences [53] , nulliparous hasten their use of antenatal and skilled delivery care [59] , and even when they are faced with economic challenges, they mobilize external support to access care because of the value placed on first birth [59, 60] . Although some women may not utilize SBA, they may attend at least one ANC visit to obtain an antenatal card in case of eventual delivery at a health facility, being less concerned about monitoring the progress of the pregnancy [59] . This also provides a possible explanation to the almost universal single visit antenatal coverage. In other instances, women may continue antenatal visits to confirm that her pregnancy is progressing well and once reassured, may not seek skilled care at the time of delivery [61] .
Methodological considerations
One limitation of this study is that utilization of SBA was based on self reports. This could potentially have resulted in reporting bias due to some women's inability to differentiate between a skilled birth attendant (doctor, nurse, or midwife) and one who is not. However, this potential bias was minimised by analysing each woman's latest birth experience. Also, there was no data on the composition and quality of antenatal care received which could have given a more informed idea on the adequacy of care.
The declining trend in rural/urban gap in the use of maternal health services may partly be attributed to changes in infrastructure and improved acces to maternal health care services. The Community-based Health Planning and Services (CHPS) may be one such contributing factor [62] [63] [64] . This is a national health policy initiative adopted in 1999 that aims to reduce geographical barriers making access to health care difficult in Ghana by mainly focusing on deprived rural districts in remote areas. The CHPS strategy aims to transform the primary health care system in Ghana by establishing mobile community-based health care services provided by a resident nurse in deprived settings, contrary to traditional facility-based services [65] . However, the trend could also be explained by the potential bias in the way urban areas are defined in Ghana, mainly by population size [66] . Over the years, some rural areas have been reclassified as urban, although they still bear the unfavorable characteristics of rural areas, including poor infrastructure, inadequate transportation, low literacy levels, and low social status, among others. Also, the growing migration of people from rural areas into the cities has created a subset of the population in urban areas who live in slums where infrastructure and lifestyle factors are generally comparable to or worse than the places they left [67] .
The level of participation in the surveys was generally very high. However, the 1988 survey lacked information on ANC. Thus our analysis of inequalities in ANC covered only 1993 to 2008. Also, there were high numbers of missing data on income in 1988 and 1998, and no income data in 1993. This could have potentially affected the income-related inequality estimations for 1988 and 1998. However, comparing the income distribution for 1988, 1998, 2003, and 2008 suggests that there is a fair representation of women across different income strata. Therefore, the overall effect of the missing data on income-related inequality estimates should be minimal. Another limitation related to income was the difficulty of measuring income levels for low-income women whose economic earnings are mostly from selling food or other items, or from small-scale farming. This has the potential to bias the results towards the null and underestimate the income inequalities observed.
Lastly, the commuting time/distance to health facility could be a potential confounder for not utilizing ANC and SBA that was not accounted for. However, this is unlikely to grossly affect the overall inequality estimation over time.
Conclusions
The increased income-related inequalities seen in the use of antenatal care and skilled birth attendance should be addressed through appropriate strategies. Patientprovider communication training for health professionals both in health training schools and on the job should be re-enforced/strengthened. Intensifying community-based health education could further reduce education-and parity-related inequalities in skilled birth attendance and antenatal care utilization. The Ghana National Commission for Civic Education (NCCE) could create awareness on the use of maternal health services through media and door-to-door campaigns in deprived communities where women with no education could be reached. Women should be highly motivated and incentivized to attend school up to secondary level or higher. This could be achieved through interventions such as sustainable school feeding programs at the basic level and the introduction of tuition-free secondary level or higher education. Education on the use of maternal health services should also be intensified in basic schools so that women who end up at the basic level would have been inoculated with the appropriate health messages. This approach has two potentials: 1) to reach out to girls currently in basic schools and 2) indirectly reach out to their parents and other multiparous women in the society through diffusion of these health education messages to the local communities.
We recommend that information on the composition and quality of antenatal care received by women should be included in the standard DHS questionnaire so that future research can track inequalities in the standards of antenatal care received over time.
